Summary.-We investigated the metastasizing capacity of spontaneous lung metastases from the MN/MCA1 and mFS6 sarcomas, the B16 melanoma and colon 26 carcinoma. Spontaneous metastases at other visceral organs (liver, spleen, kidney, ovary, uterus) from the M5076/73A (M5) ovarian carcinoma and colon 26 carcinoma were also studied. Tumour cells from individual spontaneous metastases were used immediately after isolation from the normal parenchyma (mFS6, M5 and colon 26) and/or after 1 s.c. passage in syngeneic mice (MN/MCA1, mFS6, B16 and M5). Spontaneous metastases were examined for all tumours and their secondaries after i.m. or s.c. inoculation of tumour cells; artificial lung colonies were measured after i.v. injection only of cells from the primary mFS6 and MN/MCA1 and B16 or their spontaneous metastases.
Individual spontaneous metastases were to some extent heterogeneous in their metastatic potential, a minority of the secondaries having greater or lesser metastatic capacity than the appropriate primary. Overall, tumour cells from spontaneous metastases did not show greater metastasizing capacity than primary neoplasms, nor was there evidence that metastases from specific organs (e.g. spleen and kidney) tended to home to the specific anatomical sites from which they were originally isolated.
These observations in a series of murine tumours of different histology, transplantation history and pattern of metastasis, do not support the hypothesis that metastases are the ultimate expression of strong selection of variant cells with greater intrinsic metastatic potential, pre-existing within the primary tumour.
METASTASIS is one of the crucial evenits in malignancy, but the mechanisms involved in the processes of cancer cell dissemination and metastasis still largely remain to be defined (Weiss, 1.976; Fidler, 1978; Baldwin, 1978; Poste & Fidler, 1980) . Tumour-cell clones from primary murine neoplasms can be markedly heterogeneous in several biological characteristics, including metastasizing capacity (Fidler & Kripke, 1977; Kripke et al., 1978; Suzuki et al., 1978; Dexter et al., 1978; Miller & Heppner, 1979) . Tumour lines have been selected which, upon i.v. inoculation, show enhanced metastatic capacity (Fidler, 1973) or which selectively seed at specific anatomical sites Tao et al., 1979) . Essentially on the basis of these findings, it has been proposed that metastases originate from variant cells with greater intrinsic metastasizing capacity, pre-existing within the primary neoplasm, and that metastasis is the uiltimate expression of a strongly selective multistep process (Fidler, 1978; Kripke et al., 1978;  Poste & Fidler, 1980) . This hypothesis predicts that cells from * To whom correspondence sliotil(i be addressed.
spontaneous metastases are better able to undergo the multistep process of metastatic dissemination. The present study has tested the prediction, using spontaneous metastases in transplanted murine tumours.
MATERIALS AND METHODS
Mice.-Female and male C57BL/6 and male BALB/c mice, 8-10 weeks old, were obtained from Charles River, Calco, Italy.
Tumours.-The benzo(a)pyrene-induced mFS6 sarcoma, previously described in detail (Mantovani, 1978) spontaneously metastasizes to the lungs in about half the i.m. injected syngeneic C57BL/6 hosts. It was used at its 5th-lOth passage. The macrophage content of the mFS6 tumour is 15% of disaggregated cells (Mantovani, 1978) . The MN/MCA1 fibrosarcoma was induced in this laboratory in 1978 with s.c. injection of 1 mg 3-methylcholanthrene (3-MCA) in a C57BL/6 mouse. It is the only one of a series of similarly induced tumours which gave spontaneous metastases. The tumour, used at its 2nd-3rd passage spontaneously metastasizes to the lungs in 50% of i.m. injected syngeneic hosts. The tumour has a macrophage concentration of 23%/ The M5076/73A (M5) ovarian tumour is an anaplastic carcinoma which originated spontaneously in a female C57BL/6 mouse in W. F. Dunning's laboratory at the Papanicolau Research Inst. (Miami, Fla). It was obtained through the courtesy of Dr A. E. Bogden, Mason Res. Inst., Worcester, Mass. After i.m. and s.c. inoculation the tumour selectively metastasizes to various visceral organs such as spleen, livery, ovary, uterus and (most frequently and extensively) to the liver . Less than 2% of cells are macrophages . The B16 melanoma, of spontaneous origin, was obtained from Dr G. Atassi, J. Bordet Inst., Brussels. It spontaneously metastasizes to the lungs and, after excision of the tumoui implanted in the pinna, to the regional lymph nodes (Fidler, 1978) . Macrophage content is less than 5%.
Colon 26 adenocarcinoma was induced in a BALB/c mouse by repeated intrarectal instillation of N-nitroso-N-methylurethane (Corbett et al., 1975) . The lungs are the major site of metastases although secondary lesions have been noted in the liver and kidney of animals given s.c. implants. The colon 26 carcinoma was received froni Dr G. Atassi, Joules Bordet Institute, Brussels. It has a macrophage content of 1.7%.
All tumours were maintained by s.c. passage of fragments with the aid of a trochar every 2-4 weeks. The metastatic potential of these neoplasms was stable over 5-10 transplant generations. Tumours were disaggregated by exposure to 0.3% trypsin in Eagle Basal Medium (BME). The cells were washed twice with 50 ml BME and resuspended in BME.
Metastasizing capacity.-To assess spontaneous metastases, mice were injected i.m. in the right hind thigh with 104-105 trypsinized tumour cells in 0 1 ml BME, or s.c. with a 20mg fragment. Tumour diameters were taken twice a week with calipers. At death, gross autopsy was performed. and the number and weight of secondaries was recorded as previously described (Spreafico et al., 1975) . Selected organs were also checked histologically to confirm the presence or absence of metastases, after fixation with formalin and staining with haematoxylin and eosin.
To evaluate artificial metastases, 105 tumour cells in 0 5 ml BME were inoculated i.v. and the mice were autopsied 18 days after inoculation of B16 and mFS6 or 28 days after MN/MCA1. Experimental design.-Two different, complementary experimental approaches were used in the present study. According to the first, tumour cells from individual metastases were studied after one s.c. passage in syngeneic mice (Fig. A) (Sugarbaker & Cohen, 1972) . When the parent primary tumours weighed 4-5 g, the mice were killed, and organs were removed aseptically and examined with a dissecting microscope. Individual secondaries were dissected free of gross normal parenchyma, rinsed with BME and transplanted s.c. into the backs of individual syngeneic mice with the aid of a trochar. The resulting tumours, each deriving from one individual metastatic lesion, were aseptically collected when they weighed 4-6 g. Part of each tumour deriving from individual metastases was immediately used to test its metastasizing capacity, and part was stored in liquid N2. This approach provided us with tumour lines derived from individual secondaries and permitted repeated 463 testing of the same tumour-cell preparations from metastases.
In the second experimental protocol, tumour cells from spontaneous metastases were tested for metastasizing capacity immediately after isolation from the normal parenchyma (Fig. B) , without prior passage through intermediate hosts. Lung deposits from mice with mFS6 (usually .3 mm in diameter) were dissected free of lung parenchyma and, after disaggregation by exposure to trypsin as described above, 105 cells from individual secondaries were injected i.m. to measure spontaneous, and i.v. for artificial metastases. The same approach was followed with M5 and colon 26, except that no disaggregation was attempted. After dissection from the normal parenchyma, fragments (1-2 mm in diameter) from the primary neoplasm or from the individual secondary deposits were injected s.c. into syngeneic hosts.
Statistical analysis. tP < 0-1 compared to primary sarcoma. § P < 0-05 compared to primary sarcoma.
MCA-1 sarcoma and its spontaneous metastases was 20 and 22% respectively, or assessed by morphologic and functional criteria (Mantovani, 1978) . Ten of 14 lines from metastases gave spontaneous lung metastases similar in incidence, number and weight to the primary tumour. The L5 and L7 tumour lines did not metastasize spontaneously whereas the incidence of mice with metastases was higher after inoculation of L2 metastatic cells than after the primary neoplasm. Results presented in Table I were obtained from mice autopsied at death, but similar results were obtained from animals killed 33 days after tumour inoculation.
In parallel experiments, tumour cells from individual spontaneous lung secondaries were injected i.v. to assess their capacity to give artificial pulmonary colonies (Table II) . Ten of 14 lines from metastases were not significantly different from the primary tumour in their ability to colonize the lung upon i.v. inoculation. Tumour lines from metastases LI and L3 produced a greater incidence of animals with lung secondaries than the primary neoplasm, whereas L8 and L1O did not cause gross lung lesions under these conditions. Interestingly, there was little correlation between spontaneous and artificial metastases (see Tables I and II 2-0+0-6
14-6 5-6 + 3-6 0-6+0-2 l-l + 0 3 1 3 2-0+ 0-2 2-37 + 0 5 * J < 0-05 compared to primary sarcoma.
( Table I) From the mFS6 sarcoma, in addition to testing metastatic cells immediately after isolation, tumour lines from individual lung metastases were also obtained after one s.c. passage in syngeneic hosts (protocol in Fig. A) . Five of 9 tumour lines from metastases were not significantly different from the primary mFS6 sarcoma in terms of their spontaneous metastasizing capacity (Table IV) . Cell lines from metastases sarcoma, also for the mFS6 tumour, there was little correlation between the capacity to give artificial and spontaneous metastases from the various cell lines. For instance, although M4 had more artificial and spontaneous lung lesions than the primary, the M2 line, which was the most efficient in the i.v. assay (Table V) , had spontaneous (i.m.) metastases similar to the primary mFS6 tumour (Table IV) . Conversely, the M7 line was hypermetastatic after i.m., but not after i.v. inoculation. The B 16 melanoma has been extensively used to show that cell clones from primary neoplasms differ dramatically in their metastasizing capacity, and to select cell lines with heightened metastatic potential upon i.v. injection (Fidler & Kripke, 1977; Fidler, 1973) . Hence, it was of interest to investigate whether spontaneous metastases from this neoplasm had greater metastatic potential than the primary tumour. Nine of 10 lines from individual lung lesions, tested after one s.c. passage in syngeneic hosts (protocol outlined in Fig. A) vestigated.
In an effort to study tumours 4/5 11-5+4-6 8-7+2-9 of different histology (i.e. carcinomas) and metastases at other visceral organrs, the 7/8 10-3+3-9 9-9+3-1 M5 ovarian carcinoma and colon 26 carcinoma were used. Among experimental murine tumours the M5 ovarian carcinoma 41/71 7-5+ 1-1 7-0+ 1-1 has a unique pattern of spontaneous metastases . After ed to primary melanoma. (Table VI) . uterus, but lung secondaries are usually lation only tumour cells not found (Table VIII and IX) . Hence 3 gave significantly more this tumour lends itself to testing the ,n primary B16 melanoma hypothesis that metastases at any of these 32 and B3 lines did not visceral organs originate from tumour cell netastases (Table VII) . subpopulations with selective affinity for e obtained in one experi-that particular site. shown) in which lymphIn a first series of experiments, cell lines were studied after inocu-from individual metastases after one s.c. 3 melanoma in the pinna passage in syngeneic hosts (Fig. A) were surgical excision of the used (Table VIII) . Cell lines from meta- (Fidler, 1978) . stases were to some extent heterogeneous tents presented in Tables in their metastatic potential, but on the us lung metastases from whole no enhanced metastasizing capacity one melanoma were in-was observed, nor did tumour cells from 468 Metastases from the M5 carcinoma were also used immediately after isolation from the surrounding normal parenchyma (protocol outlined in Fig. B the primary tuimour site to enter the vascular system (Liotta et al., 1.977) and/or to the different modifications of the haemostatic system associated with these routes of tumour cell inoculation (Poggi et al., 1977; Donati et al., 1977) .
Although individual metastases were heterogeneous in their metastatic potential, overall tumour cells from spontaneous metastases in this series of murine neoplasms showed no tendency to express a better ability than the primary tumour to undergo the multistep process of metastasis.
Cell clones from primary murine tumours can be markedly heterogeneous in their metastatic potential (Fidler & Kripke, 1977; Kripke et al., 1978; Suzuki et al., 1978) . In the B16 melanoma, used also in the present study, of 17 clones examined, 2 were similar to the parent tumour-cell population, 8 were more metastatic and 7 were less so (Fidler & Kripke, 1.977) . Similar results were obtained wNith sonme of the tumours used in the present study. For instance, in one experiment, of 7 clones from the primary MN/MCA 1 sarcoma, 2 were more metastatic than the primary neoplasm, the remainder being comparable to or less metastatic than the parent population (unpublished data). On this basis, one would have expected spontaneous metastases to derive mainly from those clones with greater metastatic potential and therefore to express a better capacity to undergo the multistep process of metastasis formation. This prediction was not verified in the present study. Individual metastases were to some extent heterogeneous in their metastatic potential, but tumour cells from spontaneous metastases showed no overall tendency, quantitative or qualitative, for a better ability to undergo metastasis. It would, therefore, appear that in the murine tumours considered in the present study, metastasis is not the uiltimate expression of a strong selection of variant cells endowed with greater intrinsic metastasizing capacity. Thus, the possibilitv that metastases are a random representation of the cell population within the primary tumour still merits consideration.
